ABSTRACT Solid Mallet TMR (trimedlure [TML], methyl eugenol [ME], raspberry ketone [RK]) wafers and Mallet CMR (ceralure, ME, RK, benzyl acetate) wafers impregnated with DDVP (2,2-dichlorovinyl dimethyl phosphate) insecticide were measured in traps as potential detection and male annihilation technique (MAT) devices. Comparisons were made with 1) liquid lure and insecticide formulations, 2) solid cones and plugs with an insecticidal strip, and 3) solid single and double lure wafers with DDVP for captures of Mediterranean fruit ßy, Ceratitis capitata (Wiedemann); oriental fruit ßy, Bactrocera dorsalis Hendel; and melon ßy, B. cucurbitae Coquillett. Bucket and Jackson traps were tested in a coffee plantation near Eleele, Kauai Island, HI (trials at high populations) and avocado orchards near Kona, HI Island, HI (trials at low populations). Captures of all three species with Mallet TMR were not different from Mallet CMR; therefore, subsequent experiments did not include Mallet CMR because of higher production costs. In MAT trials near Eleele, HI captures in AWPM traps with Mallet TMR wafers were equal to any other solid lure (single or double) except the Mallet ME wafer. In survey trials near Kona, captures of C. capitata, B. cucurbitae, and B. dorsalis with Mallet TMR wafers were equal to those for the standard TML, ME, and C-L traps used in FL and CA. A solid Mallet TMR wafer is safer, more convenient to handle, and may be used in place of several individual lure and trap systems, potentially reducing costs of large survey and detection programs in Florida and California, and MAT programs in Hawaii.
New outbreaks of invasive fruit ßies (Diptera: Tephritidae) continue to threaten agriculture worldwide. Establishment of these pests may result in serious economic and environmental consequences associated with quarantine, control, and eradication programs (White and Elson-Harris 1992) . Early fruit ßy detection and eradication in the United States requires deployment of large numbers of traps (IAEA 2003 , FDACS 2003 , CDFA 2010 baited with the attractive male speciÞc parapheromone lures trimedlure (TML; t Butyl-4(or5)-chloro-2-methyl cyclohexane carboxylate) cue-lure (C-L; 4-(p-acetoxyphenyl)-2-butanone), and methyl eugenol (ME; 4-allyl-1,2-dimethoxybenzene-carboxylate) to detect such pests as Mediterranean fruit ßy, Ceratitis capitata (Wiedemann), melon ßy; Bactrocera cucurbitae Coquillett; and oriental fruit ßy, B. dorsalis Hendel, respectively. Cue-lure has never been isolated as a natural product but quickly hydrolyzes to form raspberry ketone (RK; 4-(p-hydroxyphenyl)-2-butanone), a very effective lure for B. cucurbitae (Vargas et al. 2010b ). Raspberry ketone is also more persistent because it volatilizes at a lower rate than C-L (Metcalf and Metcalf 1992) . At least three of the 65 Ceratitis species found in tropical and southern Africa are economically important and attracted to TML (White and Elson-Harris 1992) . Of the 54 Dacini species (comprised of the two major genera Bactrocera Macquart and Dacus F.) that are agricultural pests, 26 respond to C-L/RK and 16 to ME (compiled from Drew et al. 1978 , Drew 1989 , White and Elson-Harris 1992 , Clarke et al. 2005 . Mixed with these liquid lures are liquid insecticides, such as naled (dimethyl 1, 2-dibromo-2, 2-dichloroethyl phosphate) or malathion This article reports the results of research only. Mention of a proprietary product does not constitute an endorsement or a recommendation by the USDA for its use.
(0,0-dimethyl phosphorodithioate of diethyl mercaptosuccinate), which pose environmental and worker safety challenges (Vargas et al. 2009; 2010a,b; Leblanc et al. 2011; Shelly et al. 2011b ). In addition to detection programs, the male lures also have applications for suppression or control through the male annihilation technique (MAT) (Vargas et al. 2008; 2010a,b) . As a result, replacing traditional liquid lures mixed with organophosphate insecticides with safer alternatives without compromising performance levels was a primary goal of the Hawaii Fruit Fly Area-Wide Pest Management (AWPM) program.
The Hawaii AWPM program has promoted environmentally friendly fruit ßy management systems with a high level of grower adoption for the last decade (Mau et al. 2007 , Vargas et al. 2008a ) and continues to promote adoption of safer and more effective novel detection, monitoring, and MAT methods not only in Hawaii but also on the U.S. mainland. For example, Vargas et al. (2009 Vargas et al. ( , 2010a identiÞed solid single and double lure insecticidal wafers and solid lure plugs and cones as promising substitutes for traps baited with liquid ME or C-L with naled (standard California and Florida detection Jackson trap). The plugs and cones have the advantage of being deployed with or without an insecticide if placed in escape proof traps (Hiramoto et al. 2006) . Also, implementation of insecticidal strips (DDVP, Hercon Vaportape II, 10% dimethyl 2, 2-dichlorovinylphosphate, 2.5 by 10.0 cm, Emigsville, PA) in place of liquid organophosphates (e.g., naled or malathion) represented an important improvement from a worker acceptance and safety standpoint (Vargas et al. 2009 (Vargas et al. , 2010a Shelly 2010; Shelly et al. 2011a,b) . In addition, a solid double lure wafer with insecticide, Mallet MC (Farma Tech International, North Bend, WA) containing benzyl acetate, ME/RK, and DDVP was measured against individual ME and C-L/RK solid lure wafers and standard liquid ME and C-L with malathion formulations in Tahiti (Leblanc et al. 2011) and Hawaii (R.I.V., unpublished data). Results from the above studies provide promising prospects for the long-term elimination of hard to handle liquid lures and hazardous insecticides by consolidating "attract & kill" into solid single or double lure insecticidal formulations. Besides environmental beneÞts, the possibility of consolidating lures in detection traps could dramatically reduce labor costs associated with deployment of traps. Labor costs and deployment of traps are the largest expenses of large survey programs. A measurement of solid multi-lure and insecticide dispensers is a logical step toward reducing labor through reductions in numbers of traps required per site, and reducing environmentally unfriendly pesticides associated with trapping multiple species within a large area.
Previous studies measured a dispenser containing both ME and C-L or RK (Vargas et al. 2000 , Vargas et al. 2010a , Leblanc et al. 2011 . On the basis of these three earlier studies and an as yet unpublished paper that includes chemical analyses of weathered dispensers with time, two new triple lure dispensers were formulated known as the TMR (TML, ME, and RK) and the CMR (Ceralure, ME, and RK) dispensers. Measurement of a solid triple lure wafers for this study included formulations of TML and raw ceralure (trans-4 (or 5)-idio-2-methylcyclohexane carboxylic acid ethyl ester) isomer mix, made up of Ϸ25% ceralure B1 molecule (ethyl-(1R,2R,3R)-5-iodo-2-methylcyclohexane-1-carboxylate). However, purifying and isolating the B1 isomer is orders of magnitude more expensive (P. C., Farma Tech International, personal communication) than commercial TML. This is one of the problems that have hampered the adoption of ceralure, speciÞcally the (-) enantiomer of ceralure B1, which has been reported to be Ͼ4 Ð9 times as attractive when compared with commercial TML (Jang et al. 2003 (Jang et al. , 2005 .
The current study compared the performance of solid single lure cones and plugs in conjunction with DDVP insecticidal strips; liquid lure with naled formulations; and single, double, and triple solid lure wafers impregnated with insecticide. Over the past 10 yr, TML solid plugs have become a standard replacement for liquid TML in Jackson traps in Florida and California (FDACS 2003 , CDFA 2010 , therefore, we used this formulation instead of liquid TML. Treatments were placed in AWPM or Jackson traps (described below) under Hawaiian climatic conditions in habitats where B. dorsalis, C. capitata, and B. cucurbitae co-occur. The overall goal of this study was to develop a more convenient, effective, and safer means of using male lures and insecticides in a single dispenser for improved detection and male annihilation of invasive fruit ßies. Treatments were placed in a standard Hawaii AWPM trap that consisted of a plastic 1-liter container (32 oz polyethylene cup and lid, LT-408 Ð32, white, Highland Plastics, Mira Loma, CA) with four lateral 3-cm-diameter holes drilled along the top third of the container. AWPM trap lids were punctured through the center with wire (17 gauge Electric Fence Wire, Midwest Air Technologies, Long Grove, IL) and glued in place to hang the trap and solid lure dispenser. In addition, Jackson traps with sticky inserts were used to replicate the standard detection method used in California and Florida. Traps used in the current study are illustrated in Vargas et al. (2010a) . Tests were setup in a randomized complete block design. Each block was considered a replicate. To compensate for position effects, traps were rotated clockwise after each service. Traps were placed 20 m apart and hung from crop trees. All ßies captured were removed from traps after prescribed intervals (4 h, 24 h, or 7 d), emptied into individually identiÞed paper bags and counted in the laboratory. Sticky inserts from Jackson traps were removed for fruit ßy counts after each observation and replaced with a new one.
Materials and Methods

Measurements
Experiment 1: Evaluations of Mallet TMR Versus Mallet CMR on Kauai Island in AWPM Traps. Studies were conducted from 19 November to 24 December 2010 (during coffee harvest when C. capitata numbers were highest). Treatments were placed in AWPM traps as follows: 1) Mallet TMR wafer [one lure contained Ϸ9.0 g (AI) (27.2% TML, 39.4% ME, 27.2% RK, 6.2% DDVP); 5.1 by 5.0 by 0.6 cm; Farma Tech International, North Bend, WA]; 2) Mallet CMR wafer [one lure contained Ϸ7.9 g (AI) (20.4% ceralure, 48.5% ME, 19.0% RK, 7.6% Benzyl Acetate, 4.5% DDVP); 7.6 by 5.1 by 0,3 cm; Farma Tech International]; 3) 10 g ME cone (Scentry Biologicals, Billings, MT) ϩ DDVP strip (Hercon Vaportape II, Emigsville, PA) (ϭstandard Hawaii AWPM ME trap); 4) 2 g C-L plug (Scentry Biologicals) ϩ DDVP strip (ϭstandard Hawaii AWPM C-L trap); and 5) 2 g TML plug (Scentry Biologicals) ϩ DDVP strip (ϭstan-dard California and Florida TML detection trap with DDVP added). Solid dispensers and vaportape are illustrated in Vargas et al. (2010a) . Initially traps were serviced after 7 d, however, total fruit ßy captures were too large (Ͼ20,000 ßies per trap per wk) to separate and accurately count all three species in a timely manner. Therefore, traps were subsequently serviced 4 h on a weekly basis for 6 wk. Five replicates (Þve blocks with Þve treatments each) were conducted.
Experiment 2: Evaluations of Single, Double, and Triple Lure and Insecticide Dispensers on Kauai. Studies were conducted from 30 June to 22 July 2011 (Ϸ3 mo before coffee harvest). Treatments were placed in AWPM traps as follows: 1) Mallet TMR wafer; 2) Mallet RK wafer [one lure contained Ϸ3.0 g (AI) (84.5% RK, 15.5% DDVP); 7.6 by 5.1 by 0.3 cm; Farma Tech International]; 3) Mallet C-L wafer [one lure contains Ϸ2.3 g (AI) (86.9% C-L, 13.9% DDVP); 5.0 by 2.5 cm; Farma Tech International]; 4) Mallet ME wafer [one lure contained Ϸ8.0 g (AI) (94.3% C-L, 5.7% DDVP); 7.6 by 5.1 by 0.3 cm; Farma Tech International]; 5) Mallet ME/RK wafer [one lure contained Ϸ7.1 g (AI) (39.4% ME, 27.2% RK, 6.2% DDVP); 7.6 by 5.1 by 0.3 cm; Farma Tech International]; 6) Mallet MC wafer [one lure contained Ϸ7.7 g (AI) (39.5% ME, 27.2% Benzyl Acetate, 27.2% RK, 6.2% DDVP); 7.6 by 5.1 by 0.3 cm; Farma Tech International]; 7) 10 g ME cone ϩ DDVP strip; 8) 2 g C-L plug ϩ DDVP strip; 9) 2 g TML plug ϩ DDVP strip. Traps were serviced every 7 d and reset with fruit ßy collections occurring at 4 h and 24 h after buckets were emptied. Experiments were conducted for four consecutive weeks with a total of six replicates (six blocks with nine treatments each).
Experiment 3: Evaluation of Solid Cones and Plugs with Insecticidal Strip, Liquid Lure and Insecticide
Formulation, and Triple Lure and Insecticide Dispenser on Hawaii Island. Studies were conducted from 16 August to 11 October 2011 (during avocado and coffee season). Treatments were placed in AWPM traps as follows: 1) Mallet TMR wafer; 2) ME solution (6 ml) with 1% ([AI]) naled (Dibrom Concentrate, Valent USA Corp., Walnut Creek, CA) on a cotton wick; 3) 10 g ME cone ϩ DDVP strip; 4) C-L solution (6 ml) with 5% ([AI]) naled on a cotton wick; and 5) 2 g C-L plug ϩ DDVP strip; 6) 2 g TML plug ϩ DDVP strip. Traps were serviced every 7 d for eight consecutive wk with a total of eight replicates (eight blocks with six treatments each).
Experiment 4 Treatments were placed inside Jackson traps with a sticky insert as follows: 1) Mallet TMR wafer; 2) ME solution (6 ml) with 1% ([AI]) naled on a cotton wick; 3) 10 g ME cone ϩ DDVP strip; 4) C-L solution (6 ml) with 5% ([AI]) naled on a cotton wick; and 5) 2 g C-L plug ϩ DDVP strip; 6) 2 g TML plug ϩ DDVP strip. Treatments were weathered in traps and serviced every 7 d for eight consecutive wk with a total of eight replicates (eight blocks with six treatments each).
Statistical Analyses. By comparing mean number of ßies captured inside traps with different treatments, the relative efÞcacy of the dispensers was determined. Captures (mean no. ßies/trap) for treatments were subjected to analysis of variance (ANOVA) (Proc GLM, MIXED, or GLIMMIX) and where appropriate, means separated with a Tukey test at the P ϭ 0.05 level (SAS Institute 2009). Randomized Complete Block (RCB), RCB split plot in time, or RCB repeated measures models were used in analyses. When necessary, a square root or log transformation was used to normalize data; however, untransformed means are presented in all tables. In experiment 2 where data did not meet the assumptions of normality, Proc NPAR1WAY (SAS Institute 2009) was used. In experiment 2, B. dorsalis and B. cucurbitae captures for 4 h were Þt to a negative binomial distribution by using Proc GLIMMIX. In experiment 3, C. capitata captures were Þtted to a Poisson distribution and analyzed with Proc GLIMMIX (SAS Institute 2009). Where interaction terms were signiÞcant, individual weeks were measured with F and H values at the P ϭ 0.05 level. The KenwardÐRogers method was used to calculate the degrees of freedom for Proc MIXED and Proc GLIMMIX (SAS Institute 2009). (Tables 1 and 2 ). Mallet TMR and CMR dispensers performed as well as C-L plugs (B. cucurbitae) and TML plugs (C. capitata) and better than (P ϭ 0.01) solid ME cones (B. dorsalis) with DDVP strips. As a result, Mallet CMR wafers were not used in subsequent experiments because of higher production costs associated with producing ceralure when compared with TML.
Results
Experiment 1: Evaluation of Mallet TMR versus
Experiment 2: Evaluation of Single, Double, and Triple Lure and Insecticide Dispensers on Kauai Island. For captures of C. capitata (Table 3 ) Mallet TMR wafers performed as well (P Ͼ 0.05) as TML plugs with a DDVP strip. For captures of B. cucurbitae, Treatment*Week interactions were signiÞcant for both 4 h (P ϭ 00016) and 24 h (P ϭ 0.0314) service, therefore tests of signiÞcance between treatments within weeks were done. TMR wafers were equal to or better than all other dispensers at four and 24 h for all 3 wk (Table 4 ). For captures of B. dorsalis for 4 h, the Treatment*Week interaction was not signiÞcant (P ϭ 0.0671) and inferences were made from treatment main effects (mean Ϯ SEM) (Table 5 ). Mallet ME captures were signiÞcantly greater than captures for Mallet TMR. For captures of B. dorsalis for 24 h, the Treatment*Week interaction was signiÞcant (P ϭ 0.0135). Mallet TMR captures were signiÞcantly lower (P Ͻ 0.05) than Mallet ME on week 0, 1, and 3, and Mallet MR on week 0, and Mallet TMR performed as well as Mallet MC for captures of B. dorsalis (P Ͼ 0.05). (Table 6 ). Captures of B. cucurbitae in AWPM traps with TMR wafers and liquid C-L were signiÞcantly greater (P Ͻ 0.05) than those with C-L plugs (Table 7) . Captures of B. dorsalis in AWPM traps with TMR wafers and ME cones were signiÞcantly less (P Ͻ 0.05) than those with liquid ME (Table 8) . Values in the same row followed by different letters are signiÞcantly different at the P ϭ 0.05 level, Tukey Test, Proc GLM (C. capitata and B. cucurbitae), or Proc MIXED (B. dorsalis) (SAS Institute 2009). (C. capitata: F ϭ 0.91; df ϭ 2, 4; P ϭ 0.4409; B. cucurbitae: F ϭ 0.14; df ϭ 2, 4; P ϭ 0.8675; B. dorsalis: F ϭ 7.88; df ϭ 2, 8; P ϭ 0.0129). Values in the same row followed by different letters are signiÞcantly different for treatments at the P ϭ 0.05 level, Tukey Test, Proc MIXED, or Proc GLIMMIX (SAS Institute 2009). (C. capitata: Treatment: F ϭ 0.94; df ϭ 2, 60; P ϭ 0.3977; Week: F ϭ 6.63; df ϭ 4, 60; P Ͻ 0.0001; Treatment*Week: F ϭ 0.38; df ϭ 8, 60; P ϭ 0.9276; B. cucurbitae: Treatment: F ϭ 0.35; df ϭ 2, 58.52; P ϭ 0.7057; Week: F ϭ 6.63; df ϭ 4, 57.73; P ϭ 0.0002; Treatment*Week: F ϭ 0.56; df ϭ 8, 57.6; P ϭ 0.8044; B. dorsalis: Treatment: F ϭ 9.31; df ϭ 2, 60; P ϭ 0.0003; Week: F ϭ 9.54; df ϭ 4, 60; P Ͻ 0.0001; Treatment*Week: F ϭ 0.60; df ϭ 8, 60; P ϭ 0.7713).
were not signiÞcantly different (P Ͼ 0.05) than those with TML plugs (Table 9 ). Captures of B. cucurbitae in Jackson traps with TMR wafers were not signiÞ-cantly different (P Ͼ 0.05) than those with liquid C-L (Table 10) . Mallet TMR and C-L liquid attracted signiÞcantly more B. cucurbitae than the C-L plugs with DDVP strip. Captures of B. dorsalis in Jackson traps with TMR wafers were not signiÞcantly different (P Ͼ 0.05) than those with liquid ME (Table 11) .
Discussion
Detection Applications. Rapid expansion of world trade and human travel has increased introductions of invasive fruit ßies worldwide at an alarming rate over the last 25 yr (e.g., B. dorsalis throughout French Polynesia; B. carambolae Drew and Hancock (carambola fruit ßy) throughout areas of South America; B. invadens Drew, Tsuruta, and White and B. cucurbitae in Africa; and B. zonata (Saunders) in Africa and the Mediterranean region) (Drew et al. 2005; Rousse et al. 2005) . Early detection of incipient outbreaks is one of the most crucial requirements for successful fruit ßy eradication. Traps commonly used for detection with ME, C-L, and TML are Steiner, Jackson, and bucket traps (IAEA 2003 , Vargas et al. 2003 . Standard attractant formulations have been a cotton wick soaked in liquid mixtures of TML, ME, or C-L and naled or malathion. However, over the past 10 yr, TML solid plugs have become a standard replacement for liquid TML in Jackson traps (FDACS 2003 , CDFA 2010 . Recently, in the interests of convenience and worker safety, there has been progress toward replacement of liquid ME and C-L and insecticides with solid formulations (e.g., Scentry ME cones or C-L plugs, Boseman, MT; Farma Tech (FT) ME wafers, North Bend, WA) (Hiramoto et al. 2006 , Mau et al. 2007 , Vargas et al. 2008 ) and with solid lure/insecticide (e.g., 2, 2-dichlorovinyl dimethyl phosphate, DDVP) combinations (Vargas et al. 2010a ). These solid lures were used successfully for monitoring and suppressing fruit ßies in the Hawaii AWPM program. In the most recent tests with solid lure/insecticide wafers, Vargas et al. (2010a) demonstrated that standard Jackson traps or AWPM bucket traps with FT-Mallet-ME wafers impregnated with DDVP and the AWPM trap with Scentry ME cones and DDVP vapor tape performed as well as the standard Jackson trap with liquid ME and naled against B. dorsalis. Similarly, Jackson traps or AWPM traps with FT-Mallet-C-L wafers impregnated with DDVP or the AWPM trap with Scentry C-L plugs with vapor tape performed as well as a standard Jackson trap with liquid C-L and naled against B. cucurbitae. Furthermore, captures of B. dorsalis and B. cucurbitae with a wafer containing both ME and RK (i.e., FT Mallet MR) were equivalent to those containing separate lures. In studies in southern California, sterile males released equidistant from traps baited with liquid ME or C-L and traps baited with ME/RK wafers were captured in equal or greater numbers in wafer- Each week, ßies were collected after 4 h and 24 h later (30 JuneÐ22 July 2011).
Overall means in rows for 4 and 24 h were not signiÞcantly different at the P ϭ 0.05 level, Proc MIXED (SAS Institute 2009). (4-h Treatment: F ϭ 1.42; df ϭ 1, 35; P ϭ 0.2411; Week: F ϭ 9.41; df ϭ 3, 35; P ϭ 0.0001; Treatment*Week: F ϭ 0.59; df ϭ 3, 35; P ϭ 0.6269; 24 h: Treatment: F ϭ 1.07; df ϭ 1, 35; P ϭ 0.3090; Week: F ϭ 10.70; df ϭ 3, 35; P Ͻ 0.0001; Treatment*Week: F ϭ 1.84; df ϭ 3, 35; P ϭ 0.1582). Traps were reset and ßies collected 4 and 24 h later (30 JuneÐ22 July 2011) at Kauai Coffee Plantation, Numila, Kauai Island, HI. Treatment*Week interactions were signiÞcant for both 4 h and 24 h service; therefore, tests of signiÞcance between treatments within weeks were determined, Proc MIXED (SAS Institute 2009). (4-h Treatment: F ϭ 7.61; df ϭ 5, 115; P Ͻ 0.0001; Week: F ϭ 5.14; df ϭ 3, 115; P ϭ 0.0023; Treatment*Week: F ϭ 2.67; df ϭ 3, 35; P ϭ 00016; 24 h: Treatment: F ϭ 11.62; df ϭ 5, 25; P ϭ Ͻ0.0001; Week: F ϭ 4.68; df ϭ 3, 90; P ϭ 0.0044; Treatment*Week: F ϭ 1.92; df ϭ 15, 90; P ϭ 0.0314).
Values in the same row sharing at least one letter in common are not signiÞcantly different at the P ϭ 0.05 level Tukey Test, Proc GLM, or Proc NPAR1WAY (SAS Institute 2009). (4-h Service week 0: F ϭ 0.69; df ϭ 5, 30; P ϭ 0.6331; week 1: F ϭ 0.52; df ϭ 5, 30; P ϭ 0.7566; week 2: F ϭ 2.65; df ϭ 5, 30; P ϭ 0.0423; week 3: H ϭ 18.475; df ϭ 5, 30; P ϭ 0.0024; 24-h Service week 0: F ϭ 2.11; df ϭ 5, 30; P ϭ 0.0913; week 1: H ϭ 9.306; df ϭ 5, 30; P ϭ 0.0975; week 2: F ϭ 2.03; df ϭ 5, 30; P ϭ 0.1033; week 3: F ϭ 2.67; df ϭ 5, 30; P ϭ 0.0413).
baited traps (Shelly et al. 2011a) . In studies in Tahiti with B. dorsalis and B. tryoni (Froggatt) (Queensland fruit ßy), an C-L/RK responding ßy, traps baited with ME and RK combined in a single Mallet MC wafer captured as many B. tryoni and B. dorsalis as traps baited with a single liquid lure (Leblanc et al. 2011) . In these trials RK tended to last longer than C-L, and captures of B. dorsalis with Mallet ME wafers outperformed any other ME formulation (liquid or solid).
In the present studies captures of C. capitata, B. cucurbitae, and B. dorsalis with Mallet TMR were not signiÞcantly different from Mallet CMR (P Ͻ 0.05); therefore, subsequent experiments did not include Mallet CMR because of higher costs associated with synthesis and production of ceralure. Until techniques are developed to reduce production costs (increasing efÞciency of isolating attractive isomer B1 and producing economical products for the user), the B1 isomer of ceralure will probably not be developed as a commercial product. Nonetheless, in no case during these extensive evaluations on Kauai and Hawaii Islands were captures of C. capitata with TMR dispensers less that those with the standard TML plug. In behavioral evaluations in coffee Þelds on Oahu Island where all three fruit ßy species also occurred, the TMR dispenser captured at least as many ßies as the liquid baits for all three species (Shelly et al. 2012) . Experiments also demonstrated that the presence of ME and RK had no negative effect on captures of C. capitata and TML also had no effect on the capture of B. cucurbitae or B. dorsalis. In survey trials with Jackson Traps near Kona with low to moderate densities of all three species of fruit ßies, C. capitata, B. cucurbitae, and B. dorsalis captures were equal (P Ͼ 0.05) to those for the standard TML, ME, and C-L traps used in Florida and California. However, this was not always the case with AWPM bucket trap captures (Table 8) .
Results of these evaluations with the Mallet ME dispenser suggested adding more ME to a slightly larger TMR dispenser for detection purposes.
In summary, solid wafers are safer and more convenient to handle and may be used in place of several individual lure and trap systems, potentially reducing costs of large survey and detection programs in Florida (4-h service: Treatment: F ϭ 6.75; df ϭ 4, 25; P ϭ 0.0008; Week: F ϭ 14.41; df ϭ 3, 75; P Ͻ 0.0001; Treatment*Week: F ϭ 1.78; df ϭ 12, 75; P ϭ 0.0671; 24-h service: Treatment: F ϭ 9.19; df ϭ 4, 25; P ϭ 0.0008; Week: F ϭ 39.35; df ϭ 3, 75; P Ͻ 0.0001; Treatment*Week: F ϭ 2.33; df ϭ 12, 75; P ϭ 0.0135; week 0: F ϭ 7.458; df ϭ 4, 25; P ϭ 0.0004; week 1: F ϭ 6.924; df ϭ 4, 25; P ϭ 0.0007; week 2: F ϭ 5.577; df ϭ 4, 25; P ϭ 0.0024; week 3: F ϭ 4.069; df ϭ 4, 25; P ϭ 0.0112). and California. Results of the current study support three possible applications: 1) Three individual traps with three solid wafers (TML, Mallet ME, and Mallet RK); 2) Two individual traps with two solid wafers (TML and MR); or 3) One trap (Mallet TMR). The FT Mallet TMR wafers hold the promise of being used in a single trap in place of three traps for TML, ME, and C-L/RK detection traps. Further testing needs to be conducted under California and Florida weather conditions and costÐ beneÞt analyses of Mallet TMR versus standard trapping systems done.
MAT Applications. Suppression and eradication of fruit ßies has been achieved through area-wide application of ME or C-L (ϩ toxicant) in area-wide MAT programs. Results with C-L have not been as spectacular as with ME and often have to be done in combination with other techniques (Vargas et al. 2010a,b) . In unpublished tests, suppression trials of large populations of C. capitata in coffee on Kauai Island showed promise with ceralure. Results of the present tests on Kauai also suggest potential suppression applications with TML and ceralure with average captures over 2,000 ßies/trap/d. Vargas et al. (2000) examined the feasibility of using male annihilation traps with mixtures of liquid ME and C-L on wicks. They found there was little effect of using different mixtures on B. cucurbitae captures, however, over time captures of B. dorsalis were reduced with the amount of ME initially incorporated on the wick. Chemical analyses of weathered wicks suggests a more rapid loss of ME than C-L from different dispensers (R.I.V., unpublished data). Mallet ME wafers with the highest B. dorsalis captures had the highest percentage of ME present. Although captures of B. dorsalis were very good with TMR wafers, until multilure dispenser can equal the amount of ME (%) in Mallet ME B. dorsalis captures will remain lower. This is not always the case with other solid lure dispensers as was shown in these studies with the 10 g Sentry cone. The dispenser (i.e., cotton, polymer, canec block, paper, splat, and minugel), weather and surface 37.4 Ϯ 32.6 11.5 Ϯ 7.9 8 27.5 Ϯ 22.1 10.0 Ϯ 5.5 Mean Ϯ SEM 28.9 Ϯ 8.1 22.7 Ϯ 6.8
Mean treatments not signiÞcantly different at the P ϭ 0.05 level, Proc GLM (SAS Institute 2009). (Treatment: F ϭ 0.18; df ϭ 1, 254; P ϭ 0.6684; Week: F ϭ 0.85; df ϭ 7, 254; P ϭ 0.5486; Treatment*Week: F ϭ 0.09; df ϭ 7, 254; P ϭ 0.9988). 
Wk
Mallet TMR C-L plug (2 g) w/DDVP strip C-L liquid (6 ml) with naled (5%) on wick 1 8.4 Ϯ 2.6 6.8 Ϯ 2.0 17.4 Ϯ 5.3 2 10.2 Ϯ 3.0 4.5 Ϯ 0.9 10.3 Ϯ 3.4 3 8.3 Ϯ 2.1 4.6 Ϯ 1.6 10.7 Ϯ 3.5 4 9.7 Ϯ 3.8 4.5 Ϯ 1.7 9.1 Ϯ 3.5 5 11.4 Ϯ 3.5 4.4 Ϯ 1.7 10.8 Ϯ 3.8 6 15.4 Ϯ 1.2 3.6 Ϯ 1.4 7.9 Ϯ 2.2 7 7.8 Ϯ 2.6 4.9 Ϯ 2.6 4.0 Ϯ 0.8 8 2.1 Ϯ 0.6 2.5 Ϯ 0.7 3.4 Ϯ 1.0 mean Ϯ SEM 10.7 Ϯ 1.4a 4.6 Ϯ 0.5b 10.9 Ϯ 1.5a
Values in each row followed by the same letter are not signiÞcantly different for the treatment at the P ϭ 0.05 level, Proc GLM (SAS Institute 2009). (Treatment: F ϭ 13.79; df ϭ 2, 381; P Ͻ 0.0001; Week: F ϭ 0.71; df ϭ 7, 381; P ϭ 0.6639; Treatment*Week: F ϭ 0.57; df ϭ 14, 381; P ϭ 0.8903). 13.9 Ϯ 1.7 12.5 Ϯ 2.9 13.9 Ϯ 2.5 8 8.5 Ϯ 2.6 7.4 Ϯ 1.9 7.3 Ϯ 1.9 Mean Ϯ SEM 55.2 Ϯ 9.5a
35.9 Ϯ 5.7b 61.4 Ϯ 10.1a
Values in each row followed by the same letter are not signiÞcantly different for the treatment at the P ϭ 0.05 level, Proc GLM (SAS Institute 2009). (Treatment: F ϭ 4.05; df ϭ 2, 381; P ϭ 0.0182; Week: F ϭ 0.43; df ϭ 7, 381; P ϭ 0.886; Treatment*Week: F ϭ 0.05; df ϭ 14, 381; P ϭ 1.000).
area appear to play a major role in dispenser performance. In summary, MAT traps containing TML, ME, and C-L would provide a single dispenser that can be effectively used against ßies responding to all these lures. Enclosing dispensers inside bucket traps would not only provide protection from the weather but also make the device visible, retrievable, and reusable with limited environmental contamination and exposure to humans and pets (Vargas et al. 2003) . Furthermore, inclusion of an insecticide in wafers would most likely require that the dispenser be contained in a trap. Future tests will examine escape-proof traps (i.e., Hiramoto traps) with TMR wafers without an insecticide for applications as environmentally-friendly areawide integrated pest management procedures on farms, home gardens, and residential areas in Hawaii.
